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DEVELOPUIWI! OF THE l?.A. C.A. SLOT-LIP AILERON
—

By Fred 23. I?eick and Joseph A. Shortal

SUMMARY

An investigation of the undesirable delayed action,
or lag, of the spoiler-t~e lateral control device led to
the development of the N.A.C.A. slot-lip aileron. “= --- —
tests were made in the 7- %y 10-foot wind tunnel with a
4- by ~-foot wing hinged at the tunnel jet boundary and
restrained in roll by elastic cords. Time histories wer6
taken of the motion of the control device under test and
of the resulting wing motion.

First, the lag, as affected by the fore-anti-a”ft loca-
tion of retractable ailerons or spoilers was determined.
The lag was found to increase regularly as the .s~oiler was
moved from the rear of the wing toward t“he.-fronto Then a

..—

combination of spoiler and fixed slot was developed that,
with the spoiler retracting into the “f”ortiartlpart” of%~-—
slot, reduced the time lag to a negligible value. In ad-
dition, an arrangement was developed us”iqg a h_inged aile-
ron-type flap as the upper portions or lip, of a slot_J:_

-.

through the wing. This arrangement appears to be usable
as a form of lateral control device that shows promise o“f-

—

giving improved control and stability at the high angles
of attack through the stall, with negligible l~g,–-l-ow con--
trol forces, and relatively simple construction. .-,- JJ-

INTRODUCTION

Owin~ to the fact that safety in flight can be _ig-
creased by improving the la_teral control and stability at
high angles of attack, the National Advisory Connitttie for .“
Aeronautics has undertaken an investigation w=th- t“fia”t“aim
(reference 1) . Wind-tunnel tests have shown that spoiler- .-
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type devices lo,cai~d in the forward porvloa o.f the wing
should give improved rolling ”’andyawing moment= at high
angles of attack (reference 2). Flight tests have re-
vealed, however,, that the spoiler-control is accompanied
by a delayed response, or lag, (reterence 3) unless locat-
ed well back on tile wing (reference 4}, The present-work
was undertaken to investigate the nature of this lag un-
der controlled conditions in”a wind tunnel and to o%plore
the possibilities Qf obtaining a device having spoiler-
type control without lag. For this purposes a special
large wing was ffltted with the desired control devices and
flexibly mounted in the N.A,.’l~A. 7- by 10-foot wind tunnel
in sua’h manner that the wing moved “whefi the controls were
deflected, the motions of both the control device and the
wing being, ia each case, -photographically recorded. Th o
final outcome of, the investigation__was. the d.ey~lopment of
a new fornof lateral control device called “slot-lip aile-
rons.lt

APP@ATUS MD TXSTS
.

The 7- %y 10-foot wind ~unnel i.s &escri3ed in refer-
ence 5. A diagram of the wing arranged for the present
lag tests is shown in figure la The “wing was hinged at
oae end and was supported above and below by elastic cords
(airpla:~e rubber shock-absortier cofids) at a point--somewhat
inloard from the other end. In order to hold- the wing
level. with the tunnel in operation, the tension in-the
lower cord was made adjustable, Tho motions of the wing
and the control device were transmitted by means of “cords
to a control-position recorder developed for flight tests,
l’7iththis instrument, tho motion of. the control devioe and
the Motion of the wing ware photog~aphically recorded on
the samofilm. ‘

—

●

The la~ tests were made with.the wing at two differ-
ent aagles of attack, 0° representing $ the high -speed and
cruising conditions of flight and 1:5 representing flighi

. at low speed. With the-.(30angle of. a.tt.ackt~e t~~n.~1 was
o~erated at- 80 miles per hour and :;{itathe .1!5°an.gl~ .Of

.

attack at 40 miles per hours these. conditions giving tho
same lag for corresponding .lift coefficients as the full-
scale tests on the F-22 airplnne used in the. fl”ight %es,ts 4
with spoilers (reference 3). In the proseut tests the
control devices werb deflected various amounts and then
returned to neutral, the records being taken in each case- .=
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The present -work, which is in t}ie nature of .a develo~-
ment, is divided into ‘se-b~a-l distinct steps: ‘Ffi-stj itia%-
much as it was known from flight tests (references 3and 4)
that there is a decided di.ffereace ‘~atween t’ne”1= of a r-e”-
tractable spoiler near the leading edge o-f the wing-and .
that of one xear the trailing edge-, tes%s wer&?&tle to
chec”~ t-his point in the wind tunnel an~ to obtain the va- .

riation of lag as the spoiler, location was mov~d fron the
front to the rear, Socon&, with the spbiler iocated”a?iout
one third back from the leading edge, which seem=d-%he” .,
most promisi~g positioa, &ttetipts were i~~e *o eliminate ‘

..-

the lag or at lea&t to r6”&ucG lit to a negligible value lq-
comhiaia~ a- slot uith a spoiler, Third, When a-n-=arra~ ‘“
nent with negli&ibZe- ~zi.~-wa~~bta”ined,- ~dificatioas w’ere’-

—

na7ie with t-he view of iamroving the pradticabil~ty of t~e
device. Finally, the molt promi&’~ng ai+~~”ii~~a%fi%wa~” test-
ed at two ot’~er locations along the chord of the tiing. “ ..

,--- . . ___ >

Retractable s oilers or ailerons,- The retractable
.

------?-spoilers or ailerons they hav~ %eeE Ca”l~e& r t3p6il Qr%r1
when locat6d_ m~a~ i&6” Ie-&diag edge of t-he wing and ‘al~ti- —

ronsll when locatod near the trai~ing edge) wf3r”ecur”V?5tl ‘ - ---

plates that slid in and cut Of the u~per surfac’e Of the
wing as indi.c~ted in figure 2. WinalLy; an “ail-Oron- con~-
sisting of a hi.age~ flat pl~to attached to the trailing
eiige of the V&n-g was tested iti t-his s’ories as repra senta- -
tive of the type of action” o%tained with orainary ailerofi%. -

-.._. .. -.

?ypical time history curves S-aOWinG the novenent of
the ~in~ following a deflection of the control surfa”ce tiFe

shovm i.n figure ‘3, In iheie-tksts t-he EUnt361 “&e”%l&6s
were sudclenly deflected th-e ftill-‘amuunt. !230 ine~+ta 03 ‘
the }7iwg carried-it past the Eositi.on of final bal&ti~6T-
iwaen the te~sion l.fithe-elastic chora anti the air force=;
but the motiojl was daqed OUt in a ve~y” short titie;--Witli
the aileron attac-~eii to the tsa~”ling e&~GY t-he tiatl.on ‘-
started in the desired direction as. SO On” tis ~%e” aileron

was moved (within the limits of accu~~c~ Of the”-tiea&&.2~~+-
ments, or about 0.05 second). With the retractable spoile-
r near the leading ed~e , however, ”tlze wing had a s=ghf
Inovezent in the wrong direction a< first and did not s%aY%
moving in the right direction utitil nearly a sec-ont!.afte?i
the coatrol deflection star-ted, this tine interval %eing
terned the rl~ag.rl — .

. .—— -—. R-

-—

-.

—
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The flight test,s of references 3 and 4 showed that a
lag of one,+half second makes the control practically un-

usable but that a lag of one-tenth second or less mas not
detectable by the pilot and there-fore not objectionable.
!l!hevarious lags of the retractable ailerons in the dif-
ferent positions along ’the,chord are shown in figare 2.for
tho two angles of attack representing the high- and low-
ep~ed conditions of flight, The lag is su.bsta.ntially
greater for the high-angle-of-attack aad low-speed coadi-
ti.on than i-t is for the low-angle-of-attack and hi~h-speed
condition, It becomes less as the spoiler is mov~d to the
rear and reaches a usalle value about 2C percent fronr tho
trailing edge. Points are plotted on figure 2 for full fle-
flectioa and also, for half deflection, both ?)eing nade cud~
denly. The lag was about the same for both doflecti.ons.
When the control was returned to neutral, there was also
a lag in the return of the wing. (See fig. 3,) In fact,
with the retractable spoiler in the forward location, a
lag of shout the same order was present wi.tihany anount of
control deflection in either direction,

The final deflection of the wing was a rough measure
of the rolling moment given by the lateral control device,
aad this deflection, in degrees, i~ given in the dashed
curves of figure 2, At the high anele of attack the de-
flection, or the rol~ing moment, became greater as the
sroiler was moved forward to 30 pe~cent of tke wing chord
but-fell off slightly for the”foreaost position, At the
I.ow angle of attack the deflections were about the samo
for all positions except for the foremost, which had a
rather small value,

,

It was noticed iiz the flfght tests of reference 4
that although the retractable aileron in,the 0,83 c posi-
tion had no lag notic~able to the pilots mtth the original
wing a slight lag was found when a split trailin:-ed,go
flap was in use. This effect was also found i?i the pres-
eni wind-tunnel tests and the results, which are given in
figure 4, show that a slight increase in lag was ottained
when the flap was used.

,It was known from the flight tests-of >“g”f”e-~e-rice3
that a. combination of retractable spoilers near the lead-
ing-edge and conventional tra.i.lin~-.edgeailerons gave im- .
mediate response; and, in order to investigate the possi-=
bility of obtaining a Iag-free control for a wing having
its t-railing-edge port5.on free to take a high-lift trail- s
‘ing-edge flap, wind-tw.mel tests were made using two re-
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tractable devices - a front retractable spoiler and a rear
retractable aileron acting togcther~ (See fig, 5s) When
onc device was located directly behind the other, W16” lag-
vvas no greater than” that of the rear one and the rolling
moment was the same as that” of the frorit one, making a
combination satisfactory except possibly for some increase
in the mechanical complication. When the spans of the
front and rear control devices were ieduced to half their
original lengths and the. two wore staggorcid, the lag was’

——

found to bc less than that of the front Orio alone but
still too large for satisfactory’ uses —.

Spoiler combinod with slot.- T~o initial rovcrsed.ef-
‘ feet resulting in the lag was thought”to %~-liit%na%=ly ass-

ociated with the time required to effect a rather extreme
chango in the flow pattern with .oxtrome local pressure
changes. It soomed that if a slot were piit through tho ‘“
wing permitting air to flow from tho high pressuro”rtigi.on
below tho wing to the rpgion OY low prossiir~- that must
tend to ‘form just behind tho sFoi16& as it is raiso~ abov~
the surface of the wing, the oxtromo momentary pressui?~
change, and therefore t’he lag, might be oliminatod or at
least reduced to a negligible valuei l?urthermore, if ‘tIiE--

——

slot wore. left pormanontly open and ?vore”~roperly shaped,
it should delay the stall over its jortion of the wing and
thereby” improve the lateral stability at the ang16s”oY Et-
tack in the region of the stall. It would, of courser, be
desirable tohave the shape and stze of the slot such as
to ha~e as low a drag as possible. (See refer~~cds 6 and
7.) .— —.

The results of the first attempt to combine a &poii6>
and a slot arc shown in figure 6. T!he position of the
spoiler about ono third of t-ho wing chord back f“ro-mthe
loading edge was choson from the results of figu~~ Z-aria
also from thoso of rofcronco 8 as tho location probably
giving the most dosirablo rolling momcnts- The spoilor
was retracted cntiroly within tho slot and curPod to fit
the slot shapd. The sizo of the slot was varied by moving
the roar wall; the effect of this variation on the lag is
plotted in figure 6. A gap at the top of the slot (see
fig. 6) of 3.5 -percent of the wing chord. or Iarg&r was rE~
quired to reduce the lag to less than ono te”nth second. “-”
With a gap of 4.5 percent or larg~r the 3Zc~ was._extromely-

.—_ __

small, establishing the correctness of tho roason~n~-o~”
which the design was based,

With the gap at tiilctop me.intainod at 3.5 percent c,
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the width at the bottqm was then reduced. in several steps
in order”.to provide a slot having somewhat lower drag.
The shape .vrasmodified, both -at the front and at the rear
of-–the slot as shown in figure ?.. .A,Vid.t-.h.atthe..hottom
of 5.5 percent c was found ~o “give a lag of less than ono
tentih second.

The hinge moments of this device were not measured
but in the operation of the device in the wind tunnel no
difference could be detected with or without. the air in
motion, indicating that the aerodynamic hi~ge moments were
close to zero, The hinge moments of such an arrangement
could easily he changed by changi~g the angle of the spoile-
r or the location of its axis.

Slot-1ip ailerons.- Although tbe arrangement having
the. spoiler retracting into the slot could apparently be
used satisfactorily as a lat-eral control device, it seemed
rather cumbersome and it was thought that tising a hinged
flap as the upper portion or lfp of the slot as shown in
figure 8 might he a decided improvement structurally and
might also have less drag. The arrangement shown in fig-
ure 8, ‘which has the flap hinge. axis located 25 percent
back of its leading edge for balancing, was tested with a
slot gap of 4.2 percent c, The lag with this arrangement
was negligible. TGsts were also made .?ith the clot shaped
in such a marmer that the gap nas closed when the flap was
neutral, in which case the lag was too Crest at the high-
angle-of-ettack.. condition. It therefore appgars that, tn
order to reduce the lag to a negligible value, it is nec-
essary to have the slot continuously open even with a de-
vice which opens the slot an increasing amount as it is
doflectod.

At this stage it was dmsired to obtain some informa-
tion in regard to the control forcos required. to operate
a slot-lip aileron of this form, and the hinge moments
were measured with the aileron hinge axis moved to give
various degrees of balance. For these tests, the wing was
wired in a fixed position in the tunnel and the hinge mo-
ment was obtained from the measured “twist of a calibrated
torque rod attached to the aileron in line with its axis.
The results of hinge-moment tests are given in figure 9.
With all hinge-axis locations and \vith both angles of at-
tack the free floating .posit-ion of the ai3.ero:~ (c~z,= o)

was such that it% trailing edge- was Imlow the main wing
contour , indicating t-hat the pressure through the slot with

1
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t-he aileron neutral was less than that over the” upper sur-
face of th”e wing at that point and that the velocity -
through the slot was therefore greater than that over-%ke
upper surface of the wing in that regiori. T)ie.coh”staiit
slope of the c-urve of hinge-moment coet”ficien% against ai-~”
le,,ro,ndeflection usually considered desir5.ble wa-s Edt ob-
tained.in these tests, the curves having zero and even re-
versed slope in some cases~ Uoving” the ailerons back to”
provide greater clearance at the nose, as shown by-the- -
dotted lines in figure 9, imprbved the cofidlti.ons sb=-”-–
w-hat ● A second arrangement was then tried. having a = .
straight wall at the front of the slot as-shti%h in figure

.—.. —

10 ● Two sizes of ovkrharigi-~g Pzates to-direct the air
.—.

flow back over’ the” top of the flap were tried. As shown
by the curves of figure 10, this change d?d iiot-~pp~ti.aa
‘bly imyrove conditions. Next , the aileron ‘flap “Uas””moved.

--

rearward., tripling tho clearance” between the fiose ~f the :
flap and the Zront wall of the slot; and t-his cha~~.gb$ a3=
shown in ..figure 11, resulted in a decide-d improvenen%i -““-

-.——..-—

The distance between the nose of the “aileron--an~ the i?rofii
wall of t-he slot was then still further incveased, as-
shown in figure 12, and the Iiinge-noment curves for that -
arrangement have a reasonably satisfactory formt,. ___.-,._.-,.—.

Tho hinge-monent curves with a-clearance of 7.8_pe&-A
——

cent of the aileron chord. betweefi the nos”e of the aileron
..

and the front wall of the S1O% (fig. 11) were considere?i -
reasonably satisfactory wit-h the proper le>gth’ of”6ver-

—= -

hanging plate ahead of the aileron, and furt>er lag teste
were then made with t-his arrap-gement in order to” find hoi

-.—-

small the slot could bo made Without causing objectiona-
ble laga l?rom the results of these tests, tabulated in

figure 13, it is apparent that a slot having a 2-percent-c
gaP at the top and a 5-~8r~f31-Lt-~ width at the bottom would
give a lag of less than one tenth secoud. !i!keslot was
then rebuilt to have a smooth shape with this s~ze., as- _ -,
shown dotted in figure 14* Yhis arrangement had a lag
less thqn one tenth second but; as it ~as desired. to “r6-- -
duce it st5.11 further, the gap was increased to 3 and the
widtlh to 6 percent. Lag tests were then made with the
aileron hinged at four different axis locations and it WaS

found , as shown in figure 14, tfiat-the la~”wa~ got appre-
ciably affected by t-he hinge-axis location tit that the_____
rolliug moment as indicated by the final wi.zg deflection

became , in general, less as the hinge axis was noved to the
rearC The hinge moments were then seas-a~ed forth-is ar-
rangement with all four IliQge-axis locations. The results
are given in figure 15. ..
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At this stage the lag and hirq.e moments of the slot-
Iip aileron had apparently been developed *O a usable - +-

point. for the location 30 percent ‘Dack of the leading edge
of the wing, but it.was not certain that this location was
necessarily the %est, especially considering that tke drag . .
and yawing moments could not be measured in these tests,
Both tho drag due to the slots and.~he’yawing-moment coef-
ficients due to the ailerons should decrease as the combin-
ation is moved to the rear, but the effect of the slot in ‘
improving ,the lateral stability.near the stall should be
greater as the slot, is moved forward. T’6~ts were there-
fore made with the” sl,ot-lip ”afleron,s located in two addi-
tional positions, 55 percent of” the wing chord and 10 p@r-
oent of the wing chord. At the 55-percent location the”
slot was ,first given a gap of 2.pe&cent and a width of 5
percent as shown in figure 16, Lag tests w.ece made with
this size and with one modification i,nwhich the widt-b was
decreased to 4 percent and which gave a lag. ~ust tinder one
tenth second. Hinge-moment tests were then made with four
different axis locations, the results ’of.which are.given
i.n figure 17. The hinge momgnts, it will be noticed, are
definitely lower than tho.ae for the 30-percent locatioa.

—

Similar lag and hinge-aom.ent tests are given for the
10-percent position in figures 18 and.19. In this posi-
tion it was neces~ary to increase the gap. to”4 percent and
th~ width to ‘7percent in order to reduce the lag below
one tenth second; and tile drag would undoubt-udly he high, ,

CONCLUSIONS

: l?or the conditions of the test-s, which are representa-
tive of a rather small full~scale air,plane, the followicg
conclusions mtiy be drawn: ‘

..

1. The lag of single retractable ailerons or spoil-
ers with no slot varies with the jjosition along the wing
chord from a negligible value for a positiofi near the
trailing edge tU the major part of a second for a position
near-”the leading edge. The lag. is too groat for practical
use (greater than’one tenth second) unless the devices are
located within about 20 percent of ~h~ wing chord from the
trailing ed.gq.

:: 2* With. %wo retractable devices covering the same
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portion of the span and operating together, one located at
30’percent of the chord from the leadtng edge and the oth-

.
er directly behind it at 83 perce~t of the chord from t-ho
leading Cdge, a usable co~bin~tiori is obtailicd~&T~vos-
the same rolling fionent as tho frost one aZo~6 tiif~ no
more lag than the roar one alone. . .—

38 The lag of a retractable spoiler can bo roducod
to a negligible value by providing an open slot of,the
proper size and form through the wing dire-ctly -beh~nd’ihe
spoiler. —

—

4, The slot-lip ailerons appaar to he usa%le as a
form of lateral control device that sho-titiyromise OT gIV-~
ing improved lateral control and sta%ility at the high
aagles of attack throug’h the stall, tiith negligible lag,
light control forces, and relatively simple ‘construciion.-
It is desirable that additiona> tests he Dade to find the
yawing moments given by those ailerons anti the effect of
th~ slot on the drag. .. -a

La~gley. Uornorial Aorona-&tical Laboratory,
National Advisory Committeo for. Aeronautics,

Langley Field, Vs., April 25, 1935..

-.
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